Introduction
Post-transplantation lymphoproliferative disorder (PTLD), a spectrum of lymphatic diseases associated with the use of potent immunosuppressive drugs after transplantation, 1 represents one of the most common neoplastic diseases following solid organ transplantation. 2 Patients with PTLD commonly present with stage III or IV disease of varying histology, frequently involving extranodal sites. [3] [4] [5] [6] [7] [8] [9] [10] Organ dysfunction, especially renal function impairment, is also a common feature at presentation. Initial therapy in PTLD is immunosuppression reduction (IR). This can result in complete remission (CR) 11, 12 but overall response rates are low. 13 Additionally, IR is known to be associated with a high risk of graft rejection and graft loss. A rejection rate of 37% has recently been reported in a first prospective trial systematically evaluating IR in PTLD. 13 Common subsequent therapies in patients failing to respond to upfront IR are rituximab monotherapy in CD20-positive B-cell PTLD, [6] [7] [8] CHOP-like chemotherapy 14 and a combination of rituximab and CHOP, either synchronous or in sequence. Both options are highly effective in the treatment of PTLD after an initial failure of upfront IR. Overall response rates of about 40-60% for single agent rituximab [6] [7] [8] [9] and up to 90% for sequential treatment with 4 courses of rituximab followed by 4 cycles of CHOP have been reported 9 leading to an improved overall survival. Thus, significant progress has been made in the treatment of CD20-positive Bcell PTLD. However, PTLD is not a homogeneous entity, neither in its clinical presentation nor in its pathological appearance. While the majority of monomorphic PTLD lesions resemble non-Hodgkin's lymphoma, specifically diffuse large B-cell lymphoma, rare forms have been identified, one of which is PTLD with plasmacellular differentiation. Plasma cell rich infiltrates in transplant recipients can be found in a Plasmacytoma-like post-transplant lymphoproliferative disorder, a rare subtype of monomorphic B-cell post-transplant lymphoproliferation, is associated with a favorable outcome in localized as well as in advanced disease: a prospective analysis of 8 cases These plasma cells usually show neither light chain restriction nor clonal proliferation. In contrast, PTLD with plasmacellular differentiation has been reported as a rare monomorphic B-cell PTLD subtype with a histomorphology comparable to plasmacytoma in the non-transplant population, clonal immunoglobulin gene rearrangements and light chain restriction. 16 So far, only case reports and one retrospective series of 4 cases have been published on this disease entity. 17 Here, we present the first prospective case series, including clinicopathological features, treatment and treatment outcome.
Design and Methods
To assess the clinical features, treatment options and outcome of rare PTLD subtypes, a prospective PTLD registry was set up in Germany in 2006. Here we present our data on patients diagnosed with plasmacytoma-like monomorphic PTLD from 2006 to 2010. Follow-up data was reviewed for all patients up to December 2010. Tumor response to treatment was defined according to the World Health Organization criteria. In plasmacytoma-like PTLD definition of complete remission (CR) additionally required the absence of monoclonal gammopathy. Progression-free survival (PFS) was defined from start of therapy to disease progression or to death from any cause, while overall survival (OS) was defined from diagnosis of PTLD to death from any cause. Clinical data on the patients in the registry was collected before, during and at least at four weeks, six, 12 and 24 months after treatment. Additional data on patients' characteristics were retrieved from databases at the different transplant centers. The responsible local ethics committee approved the trial and patients gave written informed consent for non-anonymous documentation according to the Declaration of Helsinki.
The diagnosis of PTLD was based on the examination of histological material, obtained either by open biopsy or core needle biopsy. Diagnostic tissue samples were subsequently reviewed by a single expert pathologist (IA) and classified morphologically according to the WHO classification (2008) . An association with the Epstein-Barr virus was confirmed by immunohistochemical staining for the latent membrane protein 1, Epstein-Barr nuclear antigen 2, Epstein-Barr ZEBRA antigen and/or by in situ hybridization for EBER-transcript detection. The extent of existing disease was determined through a complete patient history, physical examination, laboratory investigations (including full blood count, lactate dehydrogenase [LDH, upper limit 240U/l]), renal and liver function tests, as well as determination of the EBV DNA load in peripheral blood), bone marrow biopsy and computed tomography (CT) scans of the chest, abdomen and pelvis. All patients diagnosed with plasmacytoma-like PTLD had further blood tests to detect monoclonal gammopathy and an osteo-CT or osteo-MRI scan to detect local bone destruction. Patients for whom IR had provided no benefit received subsequent treatment as chosen by the treating physician. Treatment protocols included local irradiation and surgery for localized disease and systemic chemotherapy for disseminated PTLD.
Results and Discussion
By the end of 2010, 182 patients were reported to the German PTLD registry D2006-2010 from which 8 (4%) had a diagnosis of monomorphic plasmacytoma-like PTLD (6 male, 2 female). They had previously undergone solid organ transplantation of kidney (n=3), lung (n=1), liver (n=1), heart (n=2) or small intestine (n=1). The median age at diagnosis was 55 years (range 25-73). All patients received immunosuppressive treatment at the time of their PTLD diagnosis (Table 1A) . In accordance with previously published data, 17 most cases were late-onset PTLD with a median time from transplant to diagnosis of PTLD of 8.3 years (range 3 months to 26 years). Only 2 cases were diagnosed within the first year after transplantation while 4 cases were diagnosed more than ten years after transplantation. There was no obvious association with an underlying disease (Table 1A) .
All 4 cases with localized disease at diagnosis presented with exclusively extranodal manifestations. Out of the 4 patients with disseminated disease, one had only extranodal and another only nodal manifestations, while 2 patients had both. Of note, osteolytic lesions were rare (2 of 8) and none of the patients had bone marrow involvement (Table 2 ). This is in contrast to the 3 patients diagnosed with monomorphic multiple myeloma-like PTLD described by Sun et al. who all presented with osteolytic lesions and bone marrow involvement but without nodal or extranodal disease. 18 The neoplastic plasma cell population was well-differentiated (Marschalko-type) in 7 of 8 cases and showed either lambda (2 of 8) or kappa (6 of 8) light chain restriction and positivity for CD138 (8 of 8), while CD20 was negative in all and CD56 in 7 of 8 cases. A paraprotein could be detected in all cases, but overall serum immunoglobulin levels were low compared to plasmacell myeloma (Table 3 ). An association with latent EBV infection was verified by EBER-ISH in 3 of 8 cases (Table 1B) . EBV-associated plasmacytoma-like PTLD showed no expression of LMP-1 or EBNA-2 proteins, while the ZEBRA protein indicative for a transition from the lytic to the latent infection cycle was expressed in 2 of 3 cases. All 3 cases of EBV-associated PTLD showed remarkably elevated EBV DNA loads in their peripheral blood, while non-EBV associated cases often had no detectable blood levels of EBV DNA (Table 1B) .
Out of the 6 patients who received a reduction of immunosuppression as the initial therapeutic intervention, 2 responded while 4 patients showed progressive disease. All 3 evaluable patients with localized disease achieved sustained lymphoma control (including CR after IR and CR after surgery). The 3 patients with disseminated disease and PD after IR received systemic chemotherapy analogous to plasmacell myeloma (Table 3) which was remarkably well tolerated with supportive treatment including GCSF. All 3 responded to treatment (including one CR after PAD). None of the patients received rituximab, as staining for CD20 was negative in all cases.
The group of 8 adult patients presented here included different types of solid organ transplant recipients under immunosuppressive therapy. The small number of patients does not allow any conclusions to be drawn as to whether either transplantation of a particular organ or a specific immunosuppressive drug is linked to the development of plasmacytoma-like PTLD. It is likely that the total amount of immunosuppression plays an important role, as it does in other PTLD. 19 Like other monomorphic PTLD subtypes, EBV-association is present in half of the lymphomas. 9 This is in con-trast to classical plasmacytoma in non-transplant patients in whom EBV is rarely present. The fact that LMP-1 and EBNA-2 expression was negative in all cases underscores the importance of EBER in situ hybridization. With positive PCR results for EBV DNA in peripheral blood in all patients with EBV-associated plasmacytoma-like PTLD, monitoring of EBV copy numbers might provide a potential further method for monitoring treatment in these patients. [20] [21] [22] [23] However, a careful interpretation of EBV loads is necessary. 24 As bone marrow involvement and lytic bone lesions are rare, and most patients suffer from impaired renal function PTLD in localized and advanced disease haematologica | 2011; 96 (7) 1069 due to their underlying disease or the use of calcineurin inhibitors even before the diagnosis of plasmacytoma-like PTLD, neither the Durie and Salmon classification nor the ISS classification seem appropriate to predict prognosis. The presentation with mass lesions and successful therapy of localized disease with surgery and irradiation make the Ann Arbor classification appear most useful. In this respect, plasmacytoma-like PTLD behaves similarly to extramedullary plasmacytoma in immunocompetent patients.
In conclusion, patients with plasmacytoma-like PTLD in this case series had a relatively good treatment outcome, with only one patient dying from progressive disease. As in the case of conventional PTLD, reduction of immunosuppression was an effective and potentially curative therapy in 2 out of 7 patients 11, 12 and patients with localized disease responded well to localized treatment such as surgery and irradiation. In more advanced disease, anti-plasma cell chemotherapy including treatment with the proteasome inhibitor bortezomib could induce disease remission. 
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